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Abstract
In this article, a new design of a compact printed rectangular antenna for wireless
local area network (WLAN) applications in 802.11a is investigated. The defected
ground structure (DGS) technique is successfully used to reduce the ground plane by
cutting a large slot to achieve significant miniaturization. The ground plane structure
consists of inverted ‘L’ shape. The rectangular radiating element has a size of 6 3
5 mm2 and is connected to a microstrip transmission feed line. The simulated and
measured resonance frequency of the single-band antenna is approximately 5.8 GHz
and may cover an impedance bandwidth of 1 GHz for the measurement and
1.65 GHz for the simulation. The simulated and the measured data are in good agree-
ment. The proposed antenna is very compact (10 3 6 mm2) and its impedance
bandwidth is suitable for the 5.2-5.8 GHz WLAN communication systems.
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1 | INTRODUCTION

NOWADAYS, the growing use and demand for various
wireless communication devices in various fields, such as
medicine, military, or aeronautics, motivate the manufac-
turers to develop continuously these wireless communication
systems. In the same context, this technology has known
considering progress in recent years in microwave RF cir-
cuits. However, the antenna still occupies the largest volume
in the communication system chain; this means an increase
in the overall size makes the implementation in small areas
difficult.

For several decades, the antenna designers have investi-
gated to miniaturize the antennas without losing their good
performance in terms of gain or bandwidth. Several techni-
ques have been proposed to reduce the size of antennas such
as, loading with very high permittivity dielectric approach,1–5

and using inductive or capacitive elements.6–9

In spite of the weakness that resides in its narrow band-
width, microstrip antennas remain heavily used in wireless
communication networks because of its low manufacturing

cost and simplicity of design.10 Many forms of radiating ele-
ment have been used by manufacturers to achieve the best
antenna’s performance. However, the rectangular shape is
the most dominant since it provides 2 degrees of freedom to
adjust the antenna performance. In reference,11 a microstrip
antenna with dimension of 25 3 19 mm2 has been used for
tri-band applications by etching the patch with H-shaped
slot. Another tri-band antenna has been fabricated with
dimension of 30 3 30 mm2 in,12 but in this case with an
inverted L shape slotted in the patch antenna.

The defected ground structure (DGS) is another way to
achieve miniaturization and reduce the antenna size.13,14 In
the literature, there have been a number of approaches using
the DGS miniaturization technique. Different shapes have
been etched in the ground, some investigations can be cited
like the use of a Co-Planar Waveguide (CPW) fed slot
antenna with an inverted U-shaped stub in the ground plane
with dimensions of 18 3 18 mm2 that has been presented
in.15 This antenna operates at 2 resonant frequencies includ-
ing 2.4 and 5.8 GHz. In reference,16 a dual band antenna has
been designed with dimension of 20 3 25 mm2 for 2.4/5.2/
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5.8 wireless local area network (WLAN) applications with
an E-shaped slot defected in the ground plane. A new
approach for compact tri-band antenna design has been pro-
posed in,17 by loading 2 miniaturized edge resonators (with
L and E shapes). In reference,18 the shorting circuit technol-
ogy has been used for the miniaturization of dual-band
antenna operating at 2.4/5.8 GHz for WLAN applications.

In this work, a very small and compact printed rectangu-
lar monopole antenna is presented. The total antenna size is
10 3 6 mm2 and consists of a rectangular patch and an
inverted ‘L’ ground plane fed by a microstrip transmission
line. The DGS structure technique is used to achieve the
miniaturization.

2 | ANTENNA DESIGN AND
SIMULATED RESULTS

2.1 | Theoretical consideration and antenna
design

The prototype initially consists of a rectangular patch
antenna printed on a dielectric substrate with FR-4 (Fire

Retardant) material with a relative dielectric constant Er54.4,
a thickness h5 1.6 mm and a loss tangent tand5 0.02.
The feed line and the full ground plane (GND) are printed
above and below the substrate, respectively, as illustrated
in Figure 1A. To achieve the antenna miniaturization, the
same antenna structure is studied with a partially printed
ground plane (with inverted-L shape), as shown in
Figure 1B.

FIGURE 1 The design of the antenna for; (A) case1, (B) case2

FIGURE 2 Simulated reflection coefficients for the 2 cases

TABLE 1 Simulated results of 2 antennas cases

Ant.
fr
(GHz)

Bandwidth
(GHz)

BW
%(GHz)

Gain/Total
Efficiency (dBi/%)

Case1 12.74 12.13 – 13.25 8.82(1.12) 4.58/70.62

Case2 5.82 5.2 – 6.85 28.4(1.65) 2.34/97.55

FIGURE 3 Simulated radiation pattern for the 2 cases in; (A) XZ-
plane, (B) YZ-plane

FIGURE 4 Simulated realized gain for the 2 cases
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The details of the 2 cases are as follow:

� Case1: a rectangular patch antenna with a full ground
plane.

� Case2: a rectangular patch antenna with a DGS structure
(with inverted-L shape).

To calculate analytically the resonance frequency of the domi-
nant mode, the formula cited by C. Balanis in19 is applied:

f case1ð Þ5 C
2W

ffiffiffiffi

Er
p (1)

where C is the celerity, W is the width of the radiating element,
and Er is the relative permittivity of the substrate.

The obtained frequency value is around 12 GHz.
The structure in Figure 1A is a conventional patch

antenna that resonates at a half wavelength (k/2), while the
same antenna resonates at approximately a quarter wave-
length (k/4) when the ground plane is reduced to an
inverted-L shape (Figure 1B). This explains that the resonant
frequency in case1 is almost the double of that obtained in
case2 as demonstrated in Figure 2.

For the monopole antenna with a modified ground plane,
the resonant frequency can be given by the following
expression20:

f case2ð Þ5 C
4W

ffiffiffiffi

Er
p 5

fr case1ð Þ
2

(2)

The new calculated value of the resonant frequency is
closed to 5.96 GHz.

2.2 | Numerical analysis

To compare the performance of different antenna cases, the 2
designs were simulated using CST Studio software. All the
electromagnetic characteristics (reflection coefficient, band-
width, radiation pattern, gain, and radiation efficiency) are
analyzed and discussed in this section.

The reflection coefficient of the 2 cases is depicted in
Figure 2. From these curves, the performances of the anten-
nas, in terms of the resonant frequency and the spectrum
bandwidth are extracted and listed in Table 1. It can be seen
from this table that the operating frequency of the case2
design is shifted to lower frequencies compared with the ini-
tial design, from 12.1–13.3 to 5.2–6.8 GHz. The miniaturiza-
tion factor is identified by 2.18. It is also noted in Table 1
that the bandwidth is further increased from 1.12 to
1.65 GHz with a difference of 531 MHz. This enhancement
is due to the effect of the input impedance and current flow
of the antenna.

FIGURE 5 Simulated efficiency for the 2 cases

FIGURE 6 Simulated magnetic field distribution for the: (A) case1 at 12.7 GHz, and (B) case2 at 5.8 GHz

FIGURE 7 Geometry of the final design
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The simulated radiation patterns of the both antennas are
plotted in Figure 3 at their resonance frequencies (at
12.7 GHz for case1 and at 5.8 GHz for case2). From this

TABLE 2 The optimal dimensions of the proposed antenna

Parameters
Value
(mm) Parameter

Value
(mm) Parameter

Value
(mm)

L 10 L1 1 L2 1.5

L3 3 L4 5 L5 2

W 6 W1 1 W2 1

W3 0.4 W4 2.8 h 1.6

FIGURE 8 Effect of L1 parameter on the reflection coefficient

FIGURE 9 Effect ofW1 parameter on the reflection coefficient

FIGURE 10 Photograph of the fabricated prototype

FIGURE 11 Simulated and measured reflection coefficient of the
proposed antenna

FIGURE 12 Simulated and measured radiation patterns at 5.8 GHz
in; (A) XZ-plane, (B) YZ-plane
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figure, it can be seen that the radiation curve in case2 is
improved compared with the first case.

Figures 4 and 5 show the simulated gain and the total
efficiency for both cases, respectively. Through the curves in
Figure 4 it can be observed that the gain in case2 is 2.34 dBi
at the frequency of 5.8 GHz and almost divides in 2 com-
pared with the initial case. From the Figure 5, the maximum
efficiency for the case1 is 70.62% at the frequency of
12.5 GHz and is 97.55% at the frequency 6 GHz for the
case2. This increase is explained by the configuration of the
monopole antenna, where the substrate dielectric loss does
not play a major role.

The magnetic field distribution of the original and new
design between the 2 conductors is addressed and plotted in
Figure. 6 at their resonance frequencies. The magnetic field
distribution is homogeneous in Figure 6A, the field lines
emerge from 1 side of the substrate and move towards the
other end, propagating at the top and the bottom of the patch

towards the global ground plane. On the other hand for the
partial ground plane (Figure 6B), the field lines take only 1
direction, with a long path, thus the wavelength increases,
which explains the miniaturization by the DGS technique.

The optimal dimensions of the final antenna are pre-
sented in Figure 7 and summarized in Table 2.

2.3 | Effect of the GND size

Before carrying out the fabrication of the prototype, a per-
formance analysis of the proposed antenna was carried out to
show the best optimization results. The same software is
used to study the effect of inverted L-shaped ground plane
geometry (L1 and W1 parameters) on the antenna
performance.

Figures 8 and 9 show the effect of the length and width
of the inverted L-shaped ground plane on the reflection coef-
ficient. It can be seen from these curves that to obtain a reso-
nance frequency centered at 5.8 GHz (dedicated to the
WLAN application), the length L15 1 mm and the width
W15 1 mm should be chosen. It is also noted that the effect
of the width W1 is greater than the length L1, on the reflec-
tion coefficient of the proposed antenna.

3 | MEASURED RESULTS AND
DISCUSSION

To analyze experimentally the electromagnetic characteristics
of the proposed antenna design, the final antenna design was
fabricated (Figure 10 shows the photograph of the fabricated

FIGURE 13 Simulated andmeasured realized gain of the proposed
antenna

TABLE 3 Comparison between the proposed antenna and the recent antenna designs

References
fr/Gain
(GHz/dBi)

Bandwidth
(GHz)

Size including
GND (mm2)

Wavelength at
the lowest frequency

21a 5.6/8.18 5.2–6.1 40 3 40 0.746 3 0.746 k0

22a 5.1/- 4.7–6.2 20 3 20 0.34 3 0.34 k0

23b 6.2/1.8 5 27.2 15 3 15 0.31 3 0.31 k0

24b 5.2/8.2 5 – 5.2 36 3 30 0.624 3 0.52 k0

25a 5.8/14 5 – 6 23 3 23 0.444 3 0.444 k0

26b 5.2/1.71 5.1–5.4 24 3 16 0.416 3 0.277 k0

27a 5/6.5 4.8 – 6.6 p (32)2 0.945 3 0.945 k0

28a 5.8/5.1 5.1–6.83 11 3 13 0.213 3 0.251 k0

29b 6.3/<0 6.1–6.5 11 3 15 0.231 3 0.315 k0

30a 5.8/3.1 5.4–6 13 3 19.8 0.251 3 0.383 k0

This work 5.8/2.5 5.2–6.2 10 3 6 0.193 3 0.116 k0

aSingle band.
bDual or multi-band.
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prototype) and tested by using an Agilent 8719ES Vector
Network Analyzer.

The simulated and measured reflection coefficients of the
proposed antenna are plotted together in Figure 11. From
this figure, it can be seen that the rectangular monopole
antenna provides an impedance bandwidth between 5.26 and
6.28 GHz for the measured results (for reflection coefficient
<–10 dB) and between 5.2 and 6.85 GHz for the simulated
ones.

The radiation patterns of the proposed design are calcu-
lated and measured in the 2 principal planes (XZ and YZ-
plane) at the central frequency 5.8 GHz and depicted in Fig-
ure 12. The radiation behavior of the antenna is almost bidir-
ectional in the XZ-plane and omnidirectional in the YZ-
plane.

In addition, Figure 13 shows the realized gain of the pro-
posed antenna obtained from the simulation and measure-
ments. From this curve, it can be seen that the realized gain
is almost stable in the operating frequency band and the max-
imum gain value provided by the proposed antenna is about
2.5 dB at the resonant frequency of 5.8 GHz.

4 | COMPARISON WITH RECENT
ANTENNA DESIGNS

In this section, the proposed antenna structure is compared
(bandwidth vs. size) with existing 5.2/5.8 WLAN single/
dual-band antenna designs recently published (from the
measured reflection coefficient <–10 dB).

Table 3 shows a comparison between the proposed
antenna and other recent antenna designs. From this table,
it can be concluded that the proposed antenna is the most
compact compared with the others, and provides a wide
bandwidth of 1 GHz that covers the WLAN band in
802.11a.

5 | CONCLUSION

In this study, a new very compact printed rectangular
monopole antenna has been designed and fabricated. The
etched rectangular slot represents a reduction of 75% from
the area of the printed ground plane that provides a high
miniaturization. The measured results have shown a wide
bandwidth of 1 and 1.65 GHz for the simulated ones (for
S11 <–10 dB). The antenna impedance bandwidth covers
the band from 5.2 to 6.2 GHz. The size of the proposed
antenna is 6 310 mm2 printed on 1.6-mm thickness FR-4
material substrate. The measured and simulated results are
in good agreement. With these characteristics, the pro-
posed design can be suitable for 5.2–5.8 GHz WLAN
applications.
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